starch (2%), full-fat soybean meal (5.9%), whey (9.7%), fish meal (4%), spray-dried blood plasma (4%), soybean oil (3.39%), calcium formate (0.3%), limestone (0.5%), dicalcium phosphate (0.6%), sodium chloride (0.07%), L-lysine (0.614%), DL-methionine (0.232%), L-threonine (0.264%), L-tryptophan (0.089%), mineral-vitamin premix (0.4%), and aroma (0.1%). Piglets were kept with sows until weaning at 28 days of age, and then in groups of 3 animals per pen with free access to feed and water. Serum for proteome analyses was obtained from 50-dayold piglets by blood centrifugation (1500 × g for 15 min at 4 °C) following clotting and was stored at 80 °C until analyses. The experimental procedures were approved by the Local Commission of Ethics for the Care and Use of Laboratory Animals in Poland (No. 13/2012 of 23.05.2012 ).
Preparation of protein samples for 2-dimensional electrophoresis (2-DE)
Serum samples were processed in duplicate using a ProteoMiner Protein Enrichment Large-Capacity Kit (BioRad, Hercules, CA, USA) to decrease the concentration of high-abundance proteins and to increase the concentration of low-abundance protein. Samples were then precipitated with 4 volumes of cold acetone (-20 °C) for 2 h and the resulting protein pellets were dissolved in lysis buffer containing 7 M urea, 2 M thiourea, 4% w/v CHAPS, 1% w/v DTT, 0.2% w/v 3-10 ampholytes, and 2 mM TBP. The total protein concentration was estimated by a modified Bradford assay (Bio-Rad Protein Assay).
2-DE and image analysis
Protein samples (800 µg) were applied to 3-10 NL (nonlinear) ReadyStrip™ IPG Strips (Bio-Rad) of 24 cm. Isoelectrofocusing (IEF) was run in a total of 90,000 Vh using a Protean IEF Cell (Bio-Rad). Following IEF, the IPG strips were reduced with DTT in equilibration buffer (6 M urea, 0.5 M Tris/HCl, pH 6.8, 2% w/v SDS, 30% w/v glycerol, and 1% w/v DTT) for 15 min and then alkylated for 20 min with equilibration buffer containing iodoacetamide (2.5% w/v) at ambient temperature. The second dimension was performed in 12% SDS polyacrylamide gels (20 × 25 cm) at 40 V for 2.5 h and then at 100 V for 16 h at 10 °C using a Protean Plus Dodeca Cell electrophoretic chamber (BioRad). Following 2-DE separation, the gels were stained for 72 h with colloidal Coomassie Brilliant Blue G-250 according to Westermeier (2006) .
The gels were scanned using a GS-800 Calibrated Densitometer (Bio-Rad) and analyzed using PDQuest Analysis software version 8.0.1 Advanced (Bio-Rad). To measure the gels' variability, the coefficient of variation (CV) was calculated. Normalization of the experiment was conducted using a local regression model (LOESS). Molecular mass (kDa) was computed for each protein spot identified based on the molecular range standard.
In-gel tryptic digestion
The protein spots were excised from the gels and decolorized by washing in a buffer containing 25 mM NH 4 HCO 3 in 5% v/v acetonitrile (ACN), followed by 2 washes in a solution of 25 mM NH 4 HCO 3 in 50% v/v ACN. The gel pieces were dehydrated (100% ACN), vacuum-dried, and incubated overnight with trypsin (8 µL/spot of 12.5 µg trypsin/mL in 40 mM NH 4 HCO 3 ; Promega, Madison, WI, USA) at 37 °C. The resulting peptides were extracted with 100% ACN, combined with an equal volume of matrix solution (2.5 mg/mL CHCA, 0.1% v/v TFA, 50% v/v ACN), and loaded onto a MALDI-MSP AnchorChip 600/96 plate (Bruker Daltonics, Bremen, Germany). Peptide Mass Standard II with a mass range of 700-3200 Da (Bruker Daltonics) was used to calibrate the mass scale.
Protein identification by matrix-assisted laser desorption-ionization time-of-flight mass spectrometry (MALDI-TOF MS)
Mass spectra were acquired in the positive-ion reflector mode using a Microflex MALDI TOF MS (Bruker Daltonics). The peptide mass fingerprinting (PMF) data were compared with mammalian databases (SWISS-PROT: http://us.expasy.org/uniprot/ and NCBI: http://www.ncbi. nlm.nih.gov/) with the aid of the MASCOT search engine (http://www.matrixscience.com/). The applied parameters for the database search included monoisotopic mass, 150 ppm mass accuracy, trypsin as an enzyme with one missed cleavage allowed, carbamidomethylation of cysteine as a fixed modification, and methionine oxidation as a variable modification. The results were further validated by the MASCOT score and sequence coverage. Subcellular localization of the identified proteins was done using the bioinformatic tool DAVID v. 6.7 (http:// david.abcc.ncifcrf.gov/).
Results
In the present study, we have applied 2-DE coupled with MALDI-TOF MS to analyze the protein composition and to create a 2-D map of porcine serum proteins. To achieve this goal, patterns of serum proteins derived from 6 healthy piglets (50 days old) were analyzed and 2 replicate gels per animal were used. Figure 1 shows a representative pattern of the serum proteins and all successfully identified protein spots. Analysis with PDQuest software allowed us to detect an average of 240 protein spots per gel, which were further quantified in order to assess the difference in their expression. On this basis we selected 183 spots that displayed similar locations and stain intensities on each gel analyzed. These spots constituted 76% of all detected protein features. To confirm these observations, intersample variability was calculated. The analysis showed an average CV for the 6 samples tested of 58.86%.
The 2-D map ( Figure 1 ) demonstrated that 25 proteins were expressed as multiple spots, indicating that they are isoforms, whereas the remaining 12 proteins were resolved as single spots. Examples of multiple spots are apolipoprotein A-IV precursor, represented by 4 spots, and IgG heavy chain precursor, represented by at least 15 spots. The calculated molecular mass (M r ) of the identified proteins ranged from 13.20 to 250.80 kDa. The lowest mass among serum proteins was attributed to apolipoprotein C-II, while the highest was assigned to complement factor H precursor.
All reproducible spots (183) were picked from the gels and analyzed by MALDI-TOF MS. Of these, 105 spots were positively identified, representing 37 unique gene products. Matching of proteins was based solely on Sus scrofa domestica identities present in the available databases. The number of peptides matching the candidate protein sequence ranged from 4 to 29 and the sequence coverage varied from 10% to 68%. Detailed information concerning the identification of each individual protein spot is provided in the Table. Subcellular distribution of proteins revealed that 89.53% of the 105 protein spots were classified as extracellular and 9.52% as cytoplasmic, and the remaining 0.95% were assigned to cell membrane proteins ( Figure  2A ; Table) . To make a qualitative review of the expressed porcine serum proteins, they were categorized into 5 functional classes ( Figure 2B ; Table) . Almost half of the studied proteins (48.57%) were associated with transport and binding, while 25.71% were classified as common circulating blood proteins, 11.43% as members of coagulation and complement factors, 8.57% as protease inhibitors, and 5.72% as proteases.
Discussion
From a total of 183 reproducible spots excised from the gels, 105 were successfully identified, which corresponds to an identification rate of 57%. Similar results (an identification rate of 49%) were achieved by Jeong et al. (2013b) , who used a combination of MALDI-TOF/TOF MS with 2-D gel electrophoresis to establish a map of porcine plasma proteins. In the present work, 78 protein spots remained unidentified despite repeated analysis. Intrinsic limitations of PMF, such as an inability to detect low-molecular-weight proteins (as they do not produce sufficiently long peptide fragments for the database search) Figure 1 . A representative 2-D profile of Coomassie-stained porcine serum proteins. Proteins (800 µg) were applied on the IPG strip (24 cm, pH 3-10) for the first dimension followed by 12% SDS-PAGE. Spot numbers correspond to those in the Table. Proteins were identified by MALDI-TOF MS. or an inadequate protein content, are probably the main reasons for the failed identification (Lahm and Langen, 2000) . Shifts between calculated and theoretical M r were observed for the majority of the identified protein spots (Table) . Mass shifts between theoretical and measured M r have also been observed by other authors who published gel-based reference maps of porcine plasma (Jeong et al., 2013b) and platelet proteome (Esteso et al., 2008) . Changes in mass are caused by posttranslational modifications such as phosphorylation, glycosylation, acetylation, deamination, and proteolytic cleavage, which are mainly responsible for protein size modifications and consequently for different electrophoretic mobilities (Bouley et al., 2004) . The higher experimental M r observed for most of the proteins identified in the present work is probably due to glycosylation. The lower mass values obtained for inter-alpha-trypsin inhibitor heavy chain H2 precursor, complement C3 and C4, clusterin, prothrombin, and apolipoprotein A-I were most likely caused by proteolytic cleavage.
Among the proteins detected in the current work, 25 were previously reported either in porcine serum (Miller et al., 2009; Zhang et al., 2012) or plasma (Jeong et al., 2013b) . The remaining 12 proteins are known to be commonly present in those biological fluids but have not been previously identified using proteomic tools. These proteins include complement factor H precursor (spots 1 to 5), complement C1s subcomponent precursor (spot 14), CD5 molecule-like isoform X1 (spot 15), C4b-binding protein alpha chain-like isoform X2 (spots 18 and 23), coagulation factor XIII B chain (spots 26 and 27), properdin (spot 43), CD14 antigen (spot 65), antithrombin-III isoform X1 (spots 64, 66, 67), C4b-binding protein beta chain (spots 79 to 81), complement component C3d (spot 82), ficolin-2 (spots 87 to 89), and apolipoprotein C-II (spot 105).
The distribution of serum protein spots obtained in the present work is very similar to the 2-D pattern published previously in the study of plasma of healthy 2-weekold piglets (Jeong et al., 2013a) . However, there are also some differences between our results and those of Jeong et al. (2013a) . Namely, Jeong et al. (2013a) identified 8 proteins in the plasma of 2-week-old piglets that were not confirmed in our work. Among these proteins were interalpha-trypsin inhibitor heavy chain H4, cAMP-dependent protein kinase catalytic subunit alpha, alpha-2-HSglycoprotein, thyroxine-binding globulin, haptoglobin, secretogranin-1, and hemoglobin subunit beta. Moreover, we present 32 additional proteins that were not identified by Jeong et al. (2013a) . Some of these proteins are associated with transport and binding (serum amyloid P-component, apolipoprotein R, ficolin-2, C4b-binding protein beta chain, C4b-binding protein alpha chain-like isoform X2, IgG heavy chain precursor, immunoglobulin gamma chain, IgG heavy chain constant region, IgM heavy chain constant region, CD14 antigen, CD5 molecule-like isoform X1, prothrombin, histidine-rich glycoprotein precursor), while others are commonly circulating blood proteins (apolipoprotein A-I, apolipoprotein C-II, gelsolin, vitronectin, clusterin). We have also identified proteins assigned as members of coagulation and complement factors (complement components: C1s subcomponent precursor, C3, C3d, C4, C6, C8 alpha chain precursor and H precursor, coagulation factor XIIIB chain, inter-alphatrypsin inhibitor heavy chain H2 precursor), as protease inhibitors (antithrombin-III precursor, antithrombin-III isoform X1, fetuin-B-like), and as proteases (plasminogen precursor, properdin) . The discrepancy between the number of proteins identified in our study and the study published by Jeong et al. (2013a) could be attributed to lower efficiency of abundant protein depletion, lower amount of protein loaded onto the IPG strips, and a limited number of entries in presently available protein databases for porcine.
In conclusion, this study presents the 2-D profile of serum proteins of 50-day-old piglets. This 2-dimensional gel-based map will undoubtedly complement the currently available porcine plasma/serum 2-D profiles and may also fill the gap between the existing protein patterns of neonatal and mature individuals. Furthermore, the results of the present study may be useful to monitor changes in the concentrations of proteins in young growing piglets in response to various physiological or pathological factors.
